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Imazethapyr, a helerocyclic aromatic amine, is a widely used
crop herbicide first registered for use in the United States in
1989, We evaluated cancer incidence among imazethapyr-exposed
pesticide appﬂiaamrs enrolled in the Agricultural Health Study
(AHS). The AHS is a prospective cohorl of 57,311 Hcensed pesti-
cide applicators in the U.5,, enrolled from 1993 1997, Among the
49,398 licensed pesticide applicators eligible for analysis, 20,646
dpplwamrs reported wse of imazethapyr and 2,907 incident can-
cers developed through 2004. Imazethapyr exposore was classi-
fied by imtensity-weighted lifetime exposure days caleunlated as
[years of use X days per vear X intensity level]. Poisson regres-
sion analysis was used to evaluate the relationship between imaze-
thapyr exposure and cancer incidence. We found significant
trends in risk with increasing lifetime exposure for bladder can-
cer (p for trend 0.01) and colon cancer (p for trend $.02). Rate
ratios (RRs) were increased by 137% for bladder cancer and
78% for colon cancer when the highest exposed were compared
{0 the nonexposed. The excess risk for colon cancer was limited to
proximal cancers, (RR = 2.73, 95% coufidence intervals 1.42,
5.25, p for irend §.601). No association was observed for prostate,
fong, rectum, kidney, oral, pancreas, lymphohematopoietic can-
cers or melanoma. These findings provide new evidence that ex-
posure {o aromatic amine pesticides may be an overlocked expe-
sure in the etiology of bladder and colon cancer. The use of ima-
rethapyr and other imidazolinone compounds should continue o
be evaluated for potential risk to humans.
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Occupational aromatic amine exposure has long been recog-
nized as a causative factor for bladder cancer, and several specific
aromatic amine Compounds have been implicated as human blad-
der carcinogens.’ Since these discoveries exposure o heterocyclic
aromatic amines (HCAs) and the presence of toxic HCA-DNA
adducts 1 several organ tissues, including the colon, prostate and
pancreas among others, has been bypothesized io increase the risk
of cancer.” Despite the evidence mmplicating several HCAs as car-

cinogenic, not all of these compounds are equally harmful. Thus,
several HCA compounds are still used in occupational settings.
Among farmers, pesticide application of the compound imazetha-
pyr is one such example.

Imazethapyr is an herbicide used fo confrol weeds in corn, soy-
bean, dry bean, alfalfa and other crops.” Imidazolinone com-
pounds bike imarzethapyr are an emerging class of herbicides
known for their low acute toxicity. Since the registration of imaze-
thapyr with the United States (U.5.) Envirommental Protection
Agency {(EPA) in 1989, the number of acres in the U.S. weated
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with imazethapyr has steadily increased. It is consistently one of
the most widely Um,d herbicides among soybean and k’?ume vege-

table pmduccis Approximately 420,{ of participants in the U.S.

Agricultural Health Study (AHS), a prospective cohort of licensed
pesticide applicators from lowa and North Carolina, reported use
of imazethapyr, making it one of the most commonly used pesti-
cides in this cohert. This chemical is also registered for use in sev-
eral countries worldwide including Canada, Australia, New Zea-
land, South Africa, Tanzania, India and Indonesia among others.”

The general public can be exposed to residues of imazethapyr
in fond and in drinking water throogh groundwaler contamina-
tion.® Of 16 sulfonylurea, sulfonamide and imidazolinone herbi-

cides evaluated in 75 swrface water and 25 ground water sites in
lowa and illinois, Jma7ethapyr was the most freguently detected
compound in both siates.” This chemical has also been found to
contaminate surface waters in agriculiural areas in Alberia, Can-
ada.® Although residues in food are regulated, ground water con-
tamination by muzuhapvr is far less well characterized despite m
persistence and mobility in laboratory environmental fate studies.”

information about the health effects of imazethapyr is limited.
The U.S. EPA currently characterizes imazethapyr as an
unlikely Larbnmgen based on 2 carcinogenicity ‘;tudw% con-
ducted in mice and rats over an 18-24 month period.!® There is
no evidence of mutagenicily or genotoxicity with exposure 1o
mmiathdpvr in animal models.® In light of its widespread use, it
is important to examine potential cancer risks associated with
exposure to this aromatic amine pesticide particularly for blad-
der cancer. The AHS cohort offers a unique setting in which to
examine this question with frequent and well-characterized
occupational exposures.

Abbreviations: AHS, Agricuttural Health Study; CI, confidence interval:
EPA, Environmental Protection Agency: IWEDs, intensity-weighted life-
time exposure days; LEDs, lifetime exposure days; OR, odds ratio; REK,
rate ratio.
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IMAZETHAFPYR AND CANCER RISK

Material and methods
Study population

The AHS is a prospective cohort study of 57,311 licensed pesti-
cide applicators in fowa and North Carolina. A detailed descrip-
tion of this cohort has been described elsewhere.'* Briefly, appli-
cators were recruited from December 1993 through December
1997, Participants completed a self-administered enrollment ques-
tiennaire, which provided detailed exposure data, including infor-
mation on the use of personal protective eguipment, pesticide
application methods, pesticide mixing, equipment repair, basic
demographics and lifestyle factors, family history of cancer and
information on the use of 50 different pesticides, inchuding imaze-
thapyr. Cohort members were linked to cancer registry files in
fowa and North Carolina for case identification and to the state
death registries and the MNational Death Index to ascertain vital sta-
tus. Residence information was obtained from motor vehicle
records, pesticide registration records and address files of the In-
ternal Revenue Service. Eighty-two percent of the target popula-
tion was successfully recruited and less than 2% of the cohort has
been lost to follow-np by moving out of either state. This analysis
inchudes all incident cancers dagnosed from enrollment (1993-
1997) through December 31, 2004, Follow-up was censored at the
timne of participant death, movement owt of state or December 31,
2004 (average follow-up time is 9.2 years). All participants pro-
vided informed consent, and the protocol was approved by the
institwtional review boards of all participating institutions.

FExposure assessment

Exposure 1o iimazethapyr was quantified using information from
a self-administered questionnaire. This guestionnaire collected
comprehensive use data on 22 pesticides, including imazethapyr,
and ever/never use information for 28 additional pesticides. Partic-
ipants were asked how many years they applied imazethapyr (1
year or less, 2-5 or 6-10 years) and how many days if was person-
ally used in an average year (less than 5, 5-9, 10-19, 20-39, 40~
59, 60-150 or more than 150 days). Additional information was
collected on a wide variety of exposures, lifestyle factors and
other basic dernographic characteristics. The questionnaires used
for this analysis were the Phase I “Enrollment Questionnaire,” the
“Farmer Applicator Questionnaire” and the “Comunercial Appli-
cator {Juestionnaire,” which can be accessed at hitp://aghealth.-
org/questionnaires.html.

We used an intensity-exposure algorithm to quantify pesticide
exposure. Intensity levels were estimated using questionnaire data
from enrollient and measurement data frorm the published pesii-
cide exposure literature and the Pesticide Handlers Exposure Data-
base,'? as follows: intensity level = [{mixing status + application
method + equipiment repair status) X personal protective eqguip-
ment usel. Mixing status was defined as never, <50% of the time
mixed or 50%+ of the time mixed (scored 0, 3, 9). Application
method was defined as does not apply, applies vig various methods
subset by pesticide type: herbicide, crop insecticide, andrnal insec-
ticide, fungicides, fumigants (scored 0-9). Repair status was
scored O for does not repair and 2 for repairs. Personal protective
equipment use was categorized based on information provided on
the questionnaire regarding glove, goggle, face shield, bouots,
mask or other use of protective clothing or equipiment (score .1~
1.0). The total value that the intensity score can have ranges from
> to 20. A more detailed discussion of the algorithm factors and
an example is provide in Dosemeci er al.”® Lifetime exposure
days (LEDs} of imazethapyr use were calculated as {years of use
X days per year]. LEDs were combined with the measure of inten-
sity to create intensity-weighted lifetime exposure days (IWEDs)
as follows: LEDs ¥ intensity level. To optimize the statistical
power and to have sufficient numbers of cases in each analytic
grouwp, IWEDs were categorized into tertiles based on the exposure
distribution among all exposed cancer cases. IWEDs categories
are defined as: <54.1 (T1}, 54.1-<152.9 (12}, 152.9-<311.9 (T3
lower half} and >311.9 (T3 vpper half). To improve the resolution
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at higher exposures, we divided the highest category at the median
whenever there were at least 10 exposed cases in the highest expo-
sure category. We also exarnined risk separately by days of use
per year, years of use and intensity level. The cutpoints for catego-
rizing these metrics were also based on the distribution among
exposed cases for all cancers combined.

Data analysis

Only incident cancers were considergd in this analysis (n =
2,907) thereby excluding 1,084 prevalent cases of cancer at base-
line. Applicators who did not provide information on imazethapyr
exposiire or were missing exposure algorithm information were
excluded (n = 6,544} as were applicators with missing informa-
tion on age or person-years of follow-up (n = 283), leaving
45,398 mdividuals available for analysis. Poisson regression anal-
ysis was used to calculate rate ratios (RRs) and 95% confidence
intervals {(95% Cls) describing the relationship between imazetha-
pyr exposure and cancer incidence. A given cancer was evaluated
if it had more than a total of 15 exposed cases for IWEDs catego-
ries (prostate, lung, colon, rectum, bladder, non-Hedgkin lym-
phoma, levkemia, melanoma, kidney, oral, pancreas and all lym-
phohernatopoietic cancers combined: leukemia, Hodgkin lym-
phoma, non-Hodgkin lymphoma and muoltiple myeloma). RRs
were adjusted for confounding variables if the variable changed
the parameter estimates for the main exposure by more than 10%;
models for individual cancer sites differed based on this criterion.
Factors evaloated for possible confounding included age at enroll-
ment (<40, 40-49, 50-59, >60), gender, state, ervollment vear,
applicator type (commercial or privale, because of varying expo-
sure profiles), education, family history of any cancer in first-
degree relatives (yes/no), family history of individual/given cancer
for specific analyses (ves/no}, alcohol consumption during the past
12 months (ever, never, missing), cigareite smoking history
(never, former smoker, curent smoker, missing), race (whike,
other, missing}, body mass index, sun exposure, aspirin intake,
fruit and vegetable intake, LEDs 1o all pesticides (0105, > 105~
368, >368) and top 10 pesticides correlated with imazethapyr
based on LEDs and categorized by tertile of exposure: permethrin
(crops), fonofos, trichlorfon, carbofuran, glyphosate, metolachlor,
EPTC, alach, pendimethalin and trifluralin, Models for colon and
recial cancers were additionally adjusted for ever use of chlorpyri-
fos and aldicarb, which have been previously found to be associ-
ated with colorectal cancer in AHS analyses.'* Categorical cut-
points are listed for only those potential confounders that were
retained in models.

We used 2 reference groups to address potential residual con-
founding because of unmeasured differences between ihe exposed
and unexposed applicators. These growps were as follows: ()
those reporting no use or exposure (o vnazethapyr, which offers
more statistical power and (i) those in the lowest exposure cate-
gory. We also performed analyses restricted to applicators in owa
given the predominance of imazethapyr use in this state. For lung
cancer and bladder cancer, we performed a finer adjustment for
cigarette smoking (never, former smoker <5 pack-vears, former
smoker 53-30 pack-years, former smoker >30 pack-years, current
smoker <15 pack-years, current smoker 15-45 pack-years, current
smoker >45 pack-years, missing}.

Additional anatomic subsite analyses were performed for colon
cancer: right-sided or proximal colon cancer (ICD-0-2 codes
C18.0-C18.4 which includes cecum, appendix, ascending colon,
hepatic flexure and ransverse colon} and left-sided or distal colon
cancer {(ICD-(3-2 codes C18.5-C18.7 which includes the splenic
flexure, descending colon and sigmoid colon). Colon cancers of
urspecified origin and overlapping lesions of the colon were
excluded (n = 10) in anatomic subsite analyses.

Tests for trend were conducted wsing the midpoint value of
cach exposure category where it was treated as a continuous
response in Poisson regression models. All p-values are 2-sided
and RRs and 95% Cls were calculated using SAS statistical soft-
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TABLE 1 - CHARACTERISTICS OF IMAZETHAPYR-EXPOSED FARMERS BY EXPOSURE CATEGORY
IN THE AGRICULTURAL HEALTH STUDY, 1893-2004%2

- L MNonexposed Exposed
Characteristic
Mo (n = 28,752} % No. (1 = 20,646) %
Mean years of follow-up 9.2 9.1
Mean days of imazethpayr use per year (range) 8.8 (3-200)
Mean years of imazethapyr use (range) 4.2 (1-8)
Mean intensity weighted days (range) 260.6 (0.5-784003
Age at enroliment
<40 9,504 33 8,269 40
40-45 7,639 27 6,158 30
50-59 6,041 21 3,825 19
60+ 5,568 19 2,354 11
Gender
Male 27,630 96 20476 99
Female 1,122 4 176 1
Race
White 27439 95 20.330 O8
Black 751 3 3 <1
Other’ 484 2 217 1
Missing 78 <1 36 <1
State of residence
fowa 14,295 30 19,355 94
North Carolina 14,457 50 1.291 &
Applicator type
Private 26,072 91 91
Commercial 2,680 9 9
Smoking history
Never 50 12,037 58
Former 28 5,307 26
Corrent 18 2927 14
Missing 4 375 2
Alcohol intake in past 12 months
Never 10,946 38 4,137 20
Ever 17.265 60 16,372 749
Missing 541 2 137 1
Education
High school/GED or less 16,261 7 10,583 51
Beyond high school 11,814 43 9,750 47
Missing 677 2 313 2
Family history of any cancer
No 16,060 56 11,77 57
Yes 10.580 37 8,098 39
Missing 2,112 7 70 4

fe . . . .
Restricted o those without previous cancer diagnosis.

“Follow-up through 2004 (range of follow-up

years >»0-11)—"Includes Hispanic, American Indian, Alaskan Native, Asian or Pacific Islander and

Oither.

ware (SAS Institute, Cary, NC) from AHS data release version
PIRELOG12.

Results

Selected characteristics of the study population are presented in
Table 1. During 452,439 person years of follow-up, 20,646 (42%)
applicators reported exposure to imazethapyr. Imazethapyr was
most often reported for use on field corn, soybean, hay and alfalfa
crops (data not shown). The most common application methods
for mazethapyr include, hboom on tractot/irailer/truck, hand spray
gun and in fwrrow or banded application (data oot shown)
Exposed applicators reported an average of 8.8 days per year, 4.2
years of use and 260.0 IWEDs of imazethapyr. The majority were
white male private applicators and 94% of the exposed applicators
were from lowa. Alcohol conswmption was reperted more fre-
quently by exposed applicators than by nonexposed applicators.
Differences between the exposed and nonexposed groups were
small with respect 1o age, applicator type, education level, smok-
ing history and family history of cancer.

RRs and 95% Cls for risk of selected cancers associated with
IWEDs of imazethapyr using the nonexposed referent groups for
comparison are presented in Table I The incidence of all cancers
combined was marginally increased with increasing imazethapyr

use; the RR comparing the highest exposure group with the nonex-
posed was 1.13 (95% Cls: 0.96-1.34), and the p for trend was
0.14. A significantly elevated risk of colon cancer was observed
among those in the highest tertile of imarethapyr exposure (RR =
1.78, 95% Cls: 1.08-2.93, p for trend 0.02). Risk of bladder cancer
was also significanily elevated when the highest exposed group
was compared to the nonexposed (RR = 2.37, 95% Cls: 1.20-
4.68, p for trend 0.01). Risks in the highest exposed groups for
bladder cancer and colon cancer where slightly higher when
restricting analyses 1o fowa applicators only, RR= 2.59, 95% Cls:
1.21-5.54 and RR= 1.85, 95% ClIs: 1.06-3.26, respectively (not
shown). MNonsignificant but elevated risks were observed for all
lymphohematopoietic cancers (RR = 1.23, 95% Cls: 0.77-1.98}
and leukemia (RR = 1.63, 95% Cls: 0.72-3.69) when the highest
exposed was compared to the nonexposed. Imazethapyr was not
associated with the risk of prostate, melanoma, lung, rectum, non-
Hodgkin lymphoma, kidney, oral or pancreatic cancer.

We also explored nsing the lowest exposed group as the referent
in an attempt to control for residual confounding. Findings from
analyses using the lowest exposed group as the referent and those
psing the LEDs metric were similar to those using the IWEDs
metric and are therefore not shown. Analyses examining risk sepa-
rately by days of use per year, years of use and intensity level
vielded no additional information.

ED_005172C_00002051-00003



TABLE ff - RATE RATIOS FOR SE
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ED CANCERS BY INTEMSITY-WEIGHTED LIFETIME
EXPOSURE DAYS (IWED) TO IMAYETHAPYR AMONG AHS PARTICIPAN

5, 19932004

Cancer site IWED Cases Multivariate adjusted RR {95% Cls)
Al cancers” No exposure 1919 1.00
11 328 0.95 (0.84, 1.07)
T2 318 1.02 (0.91, 1.16)
T3 (lower half) 172 1.00 (0.86, 1.18)
13 (upper half) 170 1.13(0.96. 1.34)
. p for trend 0.14
Prostate” NO exposare 745 1.00
T1 148 1.04 (0.87, 1.25)
T2 136 1.04 (0.87, 1.26)
T3 (ower half) 73 1.05(0.82, 1.35)
T3 (apper half) 59 1.06 (D81, 1.4
) p for trend 0.97
Lung’ No exposure 212 1.00
Tl 30 1.24 (082, 1.88%)
T2 21 0.92 (0,57, 1.50
T3 (dower half) 11 1.05 (0.56, 1.97)
T3 (upper half) 11 1.01 (0.54, 1.88)
; p for trend 0.92
Colon” No exposure 141 1.00
T1 22 0.90 (0.57, 1.41)
T2 26 1.20(0.79, 1.85)
13 (lower half) 13 1.09 (0,61, 1.95)
13 (upper half) 18 1.78 (1.08.2.93)
B p for trend 0.02
Rectum” No exposure 73 1.00
11 14 1.04 (0.58, 1.86)
T2 12 0.97 (0.52, 1.81)
T3 (lower half) 10 0.77 (0.39, 1.51)
_ p for trend (.81
Melanoma’ No exposure 64 1.00
11 11 0.85 (045, 1.61)
T2 16 1.36(0.78, 2.36)
T3 (lower half) 10 1.38(0.71,2.71)
T3 (upper half) 7 1.08(0.49,2.37)
) p for trend 0.58
Bladder® No exposure 31 1.00
T1 12 0.99 (0.53, 1.83)
T2 16 0.94 (0.48, 1.83)
13 (lower half) 7 1.29 (0.58. 2.86)
T3 (upper half) 12 2.37 (1.20, 4.68)
. p for trend 0.01
All lymphohematopoietic No exposure 187 1.00
11 29 0.71 (047, 1.07)
T2 30 0.78 (0.52, 1.17)
T3 (lower half) 17 0.77 (0.46, 1.30)
T3 (apper hal) 23 1.23(0.77, 1.98)
) p for trend 0.41
Lenkemia'” No exposure 63 1.00
Tl 9 0.76 (0.38, 1.54)
T2 12 1.21(0.65,2.27)
T3 (ower half) 6 1.15(0.49,2.771
T3 (opper half) 7 1.63(0.72, 3.69)
; p for trend 0.19
NHL! No exposure 30 1.00
Tl 15 0.95 (0.55, 1.66)
T2 13 0.91 (0.50. 1.64)
T3 (lower half 7 0.83 (0.34, 1.30)
T3 (upper half) 11 1.44(0.76,2.74)
i p for trend 0.35
Kidney'? No exposure 58 1.00
T1 7 0.61 (0.28, 1.34)
T2 11 1.07 (0.56, 2.06)
T3 16 0.91 (046, 1.79)
p for trend 0.39
Oral cavity™ Mo exposore 45 1.00
Tl 12 1.50(0.78, 2.88)
T2 8 1.07 (0,49, 2.30)
T3 7 0.82 (0.36, 1.85)

p for trend

0.70

ED_005172C_00002051-00004
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TABLE H - RATE RATIOS FOR SELECTED CANCERS BY INTENSITY-WEIGHIED [IFETIME EXPOSURE
DAYS (IWED) TO IMAZETHAPYR AMONG AHS PARTICIPANTS, 1993-2004' (CONTINUED)

Cancer site TWED Cases Multivariate adjusted RR {95% Cls)
Pancreas' No exposure 34 1.00
T1 5 0.80 (0.31, 2.05)
T2 6 1.07 (0.44, 2.55}
T3 7 1.20(0.52.2.74)
p for trend 0.74

AHS, Agricultural Health Smdy; Cl, confidence interval; RR, rate ratio.
IWED categories are defined as: <84.1 (T1), 534.1-<152.9 (12), 152.9-<311.9 (13 lower half) and
>311.9 (T3 upper half).

Adjusted for age at and vear of enrollment.—Additionally adjusted for race, iajmly history of cancer.
amokmg, status, apphcator type, alachlor and lifetime days of pesticide ex posure. — Addumnaﬂv ad;ustul
for race, family history of prostate cancer, applicator type. alachlor and ¢
adj usted for state, smokmg status and education level. ' Additionally adjmted mr race, thmpymm and
aldicarb. —‘Addiiiﬂnalh adjusted for smoking status, alcohol intake, aldicarh, th()rpvnfos pendimetha-
lin ami permethrin wse.— Additionally adjusted for race and family history of amy can-
cer— Additionally adjusted for race, applicator type, smoking status and me mlaz,hlor — Ictudes non-
Hodgkin lymphoma Hodgkin Evmph()ma levkemia and muliiple myeloma. Additionally adjusted for
alcohol intake and atrazine unse.— Addmondlly adjusted for lifetime days of pesticide exposur-

Additmnallv adjusted for race.—'~Additionally adjusted for gender and family history of any can-
cer.— )Addltmnally adusted for race, gender. alcohol intake and smoking %ialus — Y Additionalty
adjusted for smoking statas and family hlstory of any cancer.

TABLE HI - RELATIVE RISKS FOR COLON CANCER BY IMAZETHAPYR INTENSITY-WEIGHTED LIFETIME
EXPOSURE DAYS (IWED) AND STTE OF ORIGIN AMONG AHS PARTICIPANTS, 1993-2004'

Cancer site IWED Cases (1) Multivariate adjusted RR (85% Cn?
Proximal colon’ No exposure 64 1.00
11 13 ] 27(0.69,2.34
T2 17 1.90(1.09, 3.29)
T3 (lower half) 7 1.45(0.65, :
T3 (upper halt) 11 273(1.42,5.2¢
p for trend 0.001
Distal colon® No exposure 69 1.00
11 8 0.61(0.29, 1.27,
12 9 076 (0.38, 1.54)
T3 (tower half) 5 075 (0.30, 1.88)
T3 (upper balf 7 1.21(0.55,2.68)

p for trend 0.75

AHS, Agricultural Health Study: CI, confidence interval; RR, rate ratio; WED categories are defined
as: 254.1 (Il), 54.1t0 <152.9 (12}, 152910 <3119 (13 lov\mrhalﬂ and >311.9(T3 uppu halh
YExcludes not atherwise specified colon (1 = 6) 2
for age, enrollment year, and race, thmpymﬂs use md aldnarb use.— Includes ¢
ascending colon, hepatic flexure and transverse colon.— Tncludes splenic flexure, dese
sigmoid colon.

(,UHL appemhx/
cending colon and

RRs and 95% (s for risk of colon cancer and imazethapyr
IWEDs by subsite are presented in Table UL We found a statisti-
cally significant increased risk of proximal celon cancer associ-
ated with imazethapyr when the highest exposed group was com-
pared to the nonexposed, RR = 2.73 (85% Cls 1.42-5.25} as well
as a significant dose-response relationship for increasing imaze-
thapyr use (p for wend 0.001). There was no significant elevation
in risk of distal cancer (RR = 1.21, 95% Cls: 0.55-2.68; Table
[T} or rectal cancer (RR = 0.77, 95% Cls 0.39-1.51; Table I}
comparing the highest imazethapyr exposed group to the non-

associated with a 173% increased risk of proximal cancers, but not
with distal or rectal cancers.

Although bladder cancer risk hay been reported to be elevated
in some agricultural populations,'” this is the first report of a sig-
nificant increase in bladder cancer specifically linked to the pesti-
cide imazethapyr. Although there is the possibility that this could
be a chance finding, other aromatic amines are well established in
the etiology of b]addu{ cancer. Significant excess bladder cancer
risks have been observed among those employed in aromatic
amine marufacture, dyestuff manufacture and use, rabber manu-

exposed. facture, pamung aluminum industry, leather industry and truck

driving.™! Mzmy of these excess risks are related to 2 qpsmﬁc aro-

. , matic amines, benzidine and Z-naphthylamine. Among workers
Discassion

Sigmfiicant excess risks of bladder and colon cancers were
observed in the AHS among applicators exposed to the HCA her-
bicide imazethapyr. For bladder cancer, participants in the highest
exposure category of imazethapyr had a 137% higher risk than
nonexposed pesticide applicators. For colon cancer, detailed anal-
ysis by subsite revealed that imazethapyr use was significantly

exposed to these compounds, the fime between first exposure and
death due to bladder cancer ranged from 12 1o 41 years suggesting
that the current duration of exposure to imazethapyr, which was
first available in 1989, may be adequate for cancer development.'”
Farmers generally have signiticantly lower risk of bladder can-
cer and colon cancer than the general population, possibly because
of lower rates of smoking and increased levels of physical activity;
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hmwver ‘;l‘udles of colon cancer and pesticides have been incon-
sistent.'™ ™ Previows analyses in the AHS cohort have linked
jrmrc‘awd risks of colon cancer with exposure 1o dicamba * and
aldicarb.'* Evidence linking HCA exposure to colon cancer comes
from the dietary literature. Meat cooked at high temperature
results i increased formation of HCA compounds and increased
intake of well- cook@d meat has been positively associated with co-
lon cancer risk.? %7 Inside the body, HCAs are activated to carci-
nogenic inermediates vig xenobiotic metabolizing enzymes. A
sunilar mode of action may be at work for imazethapyr meta-
bolism but no human metabolism data are available for this
compound.

We also found that the excess risk of colon cancer observed
was largely because of cancers occurring in the proximal colon.
There are well-described differences in the incidence and risk fac-
tors for proxirmal and distal colon cancers. 5 Although no stud-
ies have identified HCA pesticide exposure as a risk factor for
proximal colon cancer, a body of evidence suggests that proximal
cancers are associated with certain molecular events that may be
related to pesticide exposure. Proximal cancers are more often
associated with microsatellite instability, an accwmnulation of
errors at microsatellite loci, whereas distal cancers tend to exhibit
chromosomal instability manifested by aneuploidy and loss of het-

erozygosity. **” Microsatellite m»mbﬂny results from the loss of
DNA mismatch repair beaauw of altered methylation and subse-
quent silencing of MHL1.5% Pesticide exposure has also been
tinked to altered methylation in several animal studies.™>* Thus

it is plausible that imazethapyr exposure, through altered DNA
methylation mechanisms, may be linked to excess proximal versus
distal colon cancers. However, there is also the possibility that
these findings are due to chance given the small rumber of cases
observed.

The AHS has several unique strengths. The study population is
large and frequently exposed to pesticides. Comprehensive histor-
ies of pesticide use in terms of duration, frequency and intensity
of exposure were collected for a variety of different pesticides
prior to the onset of cancer. Information on a number of other
potential confounders including other occupational and lifestyle
factors (i.e., smoking) was d]m collected. The participation rates
at recruitment (82%) and follow-up (less than 2% lost to follow
up} were very high. Self-reported pesnudp use information has
been found to be reliable in this cobort.” " However, it has been
noted that 5% of users of imazethapyr have inaccurate information
with respect to duration of use or years of vse. To address this
issue, we perforrned a sensitivily analysis excluding those subjects
with total years that exceeded the nurnber of years since first regis-
tration and found no difference is risk estimates. As in many occu-
pational settings, applicators are not exposed to just 1 chemical
agent; however, we were able to control for potential confounding
from other pesticides by beth adjusting for use of highly correlated
pesticides and by using the lowest exposed groups as the referent
for comparison. In addmon we were able to use detailed smoking
history information to finely control for smoking status as this is
an independent risk factor for bladder cancer in the AHS cohort.

A few limitations are worth noting. Although some exposure
misclassification is inevitable, exposure information was obtained
prior to onset of cancer, and thus, misclassification is likely to be
nondifferential with a resnlting bias toward the null. Although we
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did observe an increase in risk in the highest exposure category
for leukemia, this result was not significant and has only few
exposed cases, and thus, we are unable to make any definitive con-
clusions about potential risk. Similarly, we were unable to evalu-
ate certain cancers because of small numbers of exposed cases.
Continued follow-up of the cohort will aide in following up any
suggestive findings for leukenia as well as evaluations for cancers
that we could not assess at this time. Additionally, this analysis
consists of predorinantly white males potentially limiting gener-
alizability to wornen and other race/ethnic groups.

Since wmazethapyr first became available in the U.S. in 1989,
consideration must be given 1o the relatively short duration of us
exposure. Out of the 41 exposed bladder cancer cases, 37 were
diagnosed in 1998 or later, ~10 years from imazethapyr’s registra-
tien on the market. Although this remains less than the 15-20 year
latency expected for the development of solid twmors, further anal-
yses of days of use, years of use and intensity of use rmodeled sep-
arately all indicated that greater frequency, duration and infensity
were associated with increased risks of cancer of the bladder and
the colon lending comsistency to the findings. We additionally
explored the latency guestion by exploring an analysis where
cases of bladder cancer diagnosed within ~10 years of imazetha-
pyr registration were excluded, and thus, we only incleded cases
diagnosed in 1999 or later. Resulis from this sensitivity analysis
indicate a similar and slightly larger magnitude of effect for ima-
zethapyr on bladder cancer risk, RR in the highest exposure group
compared to never wpsers = 3.15 95% Cls: 1.48, 6.6%. An alierna-
tive explanation, however, could be that imazethapyr is acting as a
promoter of the malignant phenotype rather than as a true initiator.
Given that we observe an increased association with days per year
as well as intensity for both cancers this promoting role could be
plausible. To further explore this, we attermnpted to consider a
stratified analysis by smoking status for bladder cancer as this is a
major established risk factor for this cancer. Because of small
numbers, we were not able to due a true stratified analysis by
smoking status (never, former, current), but when we excluded
current smokers from analyses, the effect for imazethapyr and
wmncreased bladder cancer persisted in direction and magnitude thus
siill xmph ~ating this chemical as a potential initiator of carcino-
genesis. Continued follow-up of the cohort will aide in further
investigation of this alternative hypothesis.

in conclusion, we found a significantly increased risk of cancers
of the bladder and colon among applicators using the aromatic
amine pesticide, inazethapyr, However, there remains no biologic
or experimental evidence that this pesticide is carcinogenic. These
findings provide new evidence for the possible role of a widely
used HCA compound in the etiology of these cancers. Because a
large portion of the world’s work force is estimated to be farmers,
most of whom are regularly exposed to pesticides, this newly
emerging class of HCA compounds deserve further examination
i hiologic and epiderniologic fields; the continued follow of
this cohort to accrue more total cases and roore exposed cases is
necessary.
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